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Cleanroom Energy Efficiency Metrics

I ntroduction

Energy efficdency in deanroom fadilities has hidoricaly been quite difficult to quantify.
Many facilities were desgned with limited messurement cgpabiliies making it difficult
to determine the actual end use breskdown for a single system, or the cleanroom portion
of a multi-use faclity. A typica cleanroom operaion includes a large variety of energy
intendve sysems, including chilled water, recirculation ar, exhaust and mekeup air,
compressed air, delonized water, nitrogen production, process equipment, and others.
Each of these sysems uses energy, which must be measured and quantified in order to
evaduate the efficiency of the sysem. In addition, the manufacturing processes (tools and
equipment) within the deanroom can have dgnificant direct and indirect impacts on
energy ue.  Heran lies the greatest chdlenge. Benchmarking of different sysems in
cleenrooms housing different processes requires development of condgtent metrics for
quantifying the energy efficiency of each of these widely varying sysems.

Why Measure Energy Efficiency?

Not al owners are concerned with the high cost of operaing their cleanrooms because
they do not consder the cost to be controllable, or they have little or no bass to
determine if ther fadlity energy efficiency is good or bad compared to best practices.
Before discussing the findings and recommendations for use of energy efficiency metrics
it is indructive to discuss their benefits. Metrics in the broadest sense dlow a company
to evaduate the operation of one facility. Frequently owners are interested in energy cost
per unit of production. An example of a metric commonly used for this purpose in the
semiconductor industry is energy cost per wafer equivdent (of a cetan diameter)
produced. This metric consders the energy use of the manufacturing process in addition
to the facility usage. This number is used to compare the effectiveness of one factory to
other factories making the same product within the same company and to evduate the
performance of the same factory over time. This comparison represents one type of
evaduaion tha is possble with metrics Measurement of efficiency can dso dlow many

types of comparisons:

1. Onetypeof system to another type of system providing the same benefits either
within or outside the company,

2. Onetype of system to the same type of system at different facilities or at different
times in the same facllity,

3. A sysem’'sactud performance to the manufacturer’s or supplier’s specifications,

4. A sysem’'sactud performance to aknown benchmark established within an indusiry

or company,
5. A systemto aknown “best practice” either within acompany or worldwide.

Metrics are mogt effective when the information is used to improve the rdevant sysems.

Once it is found tha a sysem is not peforming optimdly, the true benefit of the
measurement process is redized once the sysem is improved. Measurement and
comparison aone do not generate benefits unless the information is used to judify and
implement effective changes.
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What Measurements are Needed to Properly Evaluate System Efficiency?

Perhaps the mogt chdlenging pat of measuring ceanroom energy efficiency is
underganding how best to quantify energy efficency of so many widdy varying systems
and processes. The attached table provides a summary of effective metrics that can be
used to quantify energy use dong with the measurements that are required to develop the
metrics. Many of the metrics are commonly used in industry.

Teke, for example, chilled water efficiency measured in kWi/ton. This standard metric is
not only used by indudry to rate the chilles a the time of manufacture but adso by
enginegrs in the fidd to verify peformance and track the need for maintenance or to
identify serious problems with operation. Two cases of facilities tha have measured
chiller efficiency areilludrative:

Case A: A semiconductor factory with 30,000 ft? of cleanroom space was considering
buying a new chiller they believed was needed to support a 10,000 ft? expanson The
facility dready had four 1,000 ton chillers, of which 3 were normdly required to run
to meet the exiding load. The daa in figure 1 shows chiller efficiency (in kKWi/ton,
labelled COP) plotted as a function of actud load (in tons, labeled TonCal). The
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Figurel: 3,000 tons of chiller capacity providing only about 1,500 tons of cooling

measured efficiency of dl of the chillers was consgtently above the “purchase ling”
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which is the efficiency damed by the chiller manufecturer for the chilles a full
load. This immediady indicated there was some problem with the sysem. The data
further revedled a pesk actud load of about 1,500 tons in the exigting facility, which
did not even approach the existing 4,000 ton capecity of the system. Three didtinct
sts of efficiency data were crested for the each of the three chillers normdly
operating during the measurement (they are dl overlad here). This illusraes that,
even when additiona chillers were brought onrline only a smdl improvement in
chiller capacity was redized. This led the enginears to the redization that the extra
chilled water pumps sarving the additional chillers, and not necessaily the chillers,
were needed in order to get enough water to the ar handlers because the piping
system was s0 poorly designed. Ingtead of buying a new chiller, the factory spent a
fraction of that cost improving their piping layout and was able to provide enough
cooling capacity to meet the demands for the expanson and improve the efficiency of
their existing cooling operation.

Case B: This 25 million ft* fadlity, induding predominantly cleanroom area, has a

large number of chillers, including five 1,200 ton units. The efficiency data gathered
for one of these chillers is shown in figure 2. Note the “purchase point” indicating
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Figure2: This 1,200 ton chiller typically performs better than its purchase point efficiency

the full load (1,200 ton) efficiency of the chiller a the time of purchase was
guaranteed to be 0.626 kWiton. The data gathered indicates that this chiller is
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peforming precisdy as expected - dfidency typicdly improves dightly for
centrifugd chillers operating near full load conditions. This use of chiller efficdency
as a meric to gauge peformance aganst manufecturer’s specifications has proven
that the system is operating correctly, dlowing the facility managers and operators to
save condderable energy by operating this chiller a dl times. It dso edablishes a
benchmark to which al of the other chillers in the plant can be compared — hopefully
providing incentive to improve them.

All metrics could be used in this manner if they were accuratedly measured and reliably
reported. Note that the number of measurements needed to cdculate the efficiency of a
given sysem is genegdly quite smdl — two, three, or four points. What is not clear from
the lig of required measurements is the difficulty of teking dl of these measurements
accuraely and reliably. This represents one of the many bariers to adequate and useful
implementation of cleanroom energy efficiency metrics.

Barriersto I mplementation of Energy Efficiency Monitoring

Some of the grestest chdlenges in the cleanroom industry revolve around advancement
of manufecturing technology and improvement of totd yied. Nether of these chalenges
is typicaly viewed as linked to energy efficiency. This is primarily because the cost of
cleenroom operation is often digointed from its production. This focus is a primary
reason for lack of interest in inddlation of sensors and equipment to measure energy
efficiency in a deanroom facility a the time of condruction. Often, there is little thought
given to the need to measure energy use and this requirement is logt in the myriad of
decisons which mugt be made to hbring a facility on line rgpidly. Facility owners are
driven to congtruct cleanrooms in time to get products to market before a competitor or
before the product is no longer viable in the quickly evolving marketplace.

This lack of interes or awareness is a primary difficulty behind implementation of energy
effidency in dearoom fadlities.  Building enginears frequently complain about not
having enough information about the sysems under their control to accurately assess
ther effectiveness. It is quite common for cleanroom facilities to look into the cost of
improving ther monitoring sysem after the project is complete.  They quickly redize
tha not only is monitoring equipment quite costly for a meager operations budget, it is
extremdy difficult to retrofit onto a system that is required to operate 24 hours per day
and, for ar flow and temperature sensors, must remain cleen and derile (as in most
biotech clearooms). One solution to this problem is to develop a series of standard
measurements (much like the Federad Standard 209E and the soon to be released 1SO
cleanliness gandards) that can be used to Standardize energy efficiency measurements
and have the necessary metering and indrumentation included during initid congtruction.
The sensors needed to quantify these metrics must be included a the time of system
condruction, when they add little to the cost of the system, but significantly incresse its
vaue during operation.

Agreement on which metrics to use is criticd, but perhaps even more criticad is how to

use the information. Many companies express interest, ether publidy or privady, in
keeping therr production secrets to themsdves. Energy efficiency data is often viewed
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this way because it may reved some critica bit of information about production that will
compromise the smdl market advantage that a company has in manufacturing its product.
Unfortunately, this protective dtitude prevents serious inroads toward determining the
efficiency of sysems currently operating in industry. For this reason, we have generdly
recommended metrics that are not tied to production. A second advantage to this
approach is the ability to compare systems across indudtries. The attached table provides
information, where possible, on the best known practice for a given sysem. However, it
is difficult to understand the dgnificance of these numbers without some sense of the
typicd practice in industry. Many of the best practice numbers are pulled from a very
gmd|, and gatidicaly inggnificant, sample of actud facilities

Industry-wide comparison of sysems may never be possble without some type of
underdanding by the indudries that utilize deanrooms that energy efficiency
improvement can be sgnificantly enhanced by sharing and acting on actud performance
daa If companies are rductant to share, action will have to come from within.  So, the
effectiveness of efficency metrics may be contingert upon an internd comparison of
measurements.  Friendly competition is one useful opportunity for a facility and company
to improve its energy efficency. Even for companies tha are reuctat to share
benchmarking and best practices, it is certtain that interna benchmarking comparing
sysem to sysem, facility to faclity, or to verify manufacturers specified performance
will be extremdy vdudble Internd comparison of systems will dlow a company to
benchmark againg itsdf and find the systems and faciliies where improvement will be
most effective and is most needed. This can be done using the suggested metrics or a
company developed set of metrics.

Proposed next steps

We encourage the indudtries that operate cleanrooms to become active in benchmarking
and monitoring their fadlities ~ Additiond data from fidd measurements will hdp to
determine peformance improvement.  As additiond data becomes avalable, best
practices values will emerge. Performance againgt best practices vaues may be used to
compare like facilities within a company, or they may be used to determine performance
agang like fecilities.

LBNL proposes to collaborate with industry organizations such as Sematech, ASHRAE,
and IEST to develop best practices vaues based upon benchmarking data We dso
propose working with individud indusry firms to asig in gathering and andyzing
benchmark data. Best practices data specific to a firm or a process within a firm would
be vauable within the context of the firm, or if the dita could be shared with other firms,
would help to establish amore robust data set for the industry.
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